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Abstract
Emerging evidence indicates that around 80-100% of children with autism spectrum
disorder (ASD) have motor impairments in gross motor skills, strength, and endurance. In the
current study, which is a multisite collaboration with the physical therapy programs at the
University of Connecticut and the University of Delaware, we are assessing the effects of two
types of movement-based interventions compared to a standard-of-care seated play control
intervention on motor performance in children with ASD. This thesis will analyze data from one
of the movement training groups, i.e., the play group, that involved children engaging in
activities based on music, dance, and yoga. Training was provided two times per week for eight
weeks, with each session lasting 1-1.5 hours. The outcome measures included the locomotor
subtest of a standardized test of motor performance (the Test of Gross Motor Development,
TGMD-2) that assessed performance of seven fundamental motor skills including running,
galloping, leaping, horizontal jumping, sliding, hopping, and skipping. Outcome measures also
included a custom-developed strength test that assessed the strength of major muscles in the
arms, legs, and trunk. Both the TGMD-2 and strength test were conducted before and after the
eight-week training, at pretest and posttest. Preliminary data from nine children in the group
indicated improvements in terms of standard and percentile scores on the TGMD-2 with
improvements noticed in all seven skills assessed. There were no improvements in the strength
test from pretest to posttest. We provide preliminary evidence for the utility of play-based
interventions in improving motor performance in children with ASD. Future research should
replicate our results with larger sample sizes.
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Introduction
1. A brief introduction of ASD
Autism spectrum disorder (ASD) is the most common pediatric neurodevelopment
disorder. A study from 2002 found that 1 in 150 children had been diagnosed with ASD (Autism
and Developmental Disabilities Monitoring Network Surveillance, 2002), and the prevalence of
ASD has increased over time to 1 in 54 children, according to a recent study (Maenner et al.,
2020). The diagnostic criteria for ASD include deficits in social communication and the presence
of restricted, repetitive behaviors (Diagnostic Criteria, 2020). Children with ASD have deficits in
social-emotional reciprocity including difficulties taking turns, making eye contact, and forming
age-appropriate relations with peers and caregivers (Diagnostic Criteria, 2020). These children
also have impaired receptive and expressive communication skills including difficulty
understanding the meaning of words and sentences as well as delays in acquisition of language
skills (ASD: Communication Problems in Children, 2020). However, it is important to recognize
that ASD is a spectrum. There may be children who are completely non-verbal, while other
children may have a good vocabulary yet struggle with the pragmatics of social communication.
They may also find it difficult to communicate with language and nonverbal cues, such as eye
contact, facial expressions, and hand gestures (ASD: Communication Problems in Children,
2020). Still, the majority of children with ASD have at least some difficulty communicating with
others.
Social communication deficits can be observed as early as the first year of life when
children with ASD exhibit a decrease in nonverbal social communication, including joint
attention, imitation, and social orientation (Zwaigenbaum et al., 2009). Joint attention refers to
the coordination of attention between a person and an object or event, imitation refers to
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mimicking someone else’s behavior, and social orientation refers to responding to others (such as
upon calling the child’s name). Children with ASD can also have stereotyped or repetitive motor
movements, adhere to strict routines, have highly fixated interests, and have hyper- or hyporeactivity to certain sensory inputs (Diagnostic Criteria, 2020).
Although not yet recognized as one of the core diagnostic impairments in ASD, there has
been a growing awareness of motor impairments in children with ASD (Green et al., 2009,
Provost, 2006, Fournier et al., 2010, Sacrey et al., 2014, Marsh et al., 2013). In fact, some of the
earliest delays in ASD are within the motor domain (Flanagan et al., 2012, Lloyd et al., 2013). A
recent report from the Simons Foundation SPARK study based on a sample size of 11,814
children with ASD found that 86.9% of children with ASD failed on the Developmental
Coordination Disorder Questionnaire (DCDQ) parent questionnaire, and thus were at risk for
motor impairment (Bhat, 2020). This is certainly an important piece of evidence since the data
was taken from a large sample size, indicating strong evidence of motor impairment in children
with ASD. Similarly, a study with a sample size of 2,084 children that utilized another parentreport measure, the Vineland Adaptive Behavior Scales, found that there were clinically
significant (≥2 SD below the mean) motor difficulties in 35% of children with ASD, and 44% of
the children in this group were considered moderately low in regards to motor performance (1
SD below the mean) (Licari et al., 2019). Additionally, motor difficulties were more common in
children who were nonverbal and demonstrated greater restrictive and repetitive behaviors
(Licari et al., 2019).
Movement of the body is important for daily life, such as in school and interacting with
others. In fact, over the course of development, motor skills promote social communication and
cognitive skills in infants and young children (Leary & Hill, 1996). For example, when infants
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begin to locomote, i.e., crawl and walk, there is a complete reorganization of their systems
leading to major changes in their perception of and actions within their physical and social
environment. With the onset of crawling, infants can now access caregivers who are farther away
from them, and this increases the amount of social and linguistic input they can receive from
their caregivers. Similarly, the onset of crawling and walking is associated with the development
of spatial understanding and depth perception in children through the navigation of their physical
environment (Campos et al., 2000). A young child can also learn about the world by playing with
an object and discovering object properties such as its shape, size, texture, and its affordances by
manipulating it during play. Even into childhood, being able to move effectively is crucial for
children especially because it is one of the ways they interact with their peers and form close-knit
bonds/strong friendships (playing on the playground, participating in sports/other games, etc.).
These examples highlight the close links between the motor domain on one hand and the social
communication and cognitive domains on the other.
Since children with ASD have motor impairments, this may compound the social
communication and cognitive impairments prevalent in this population. For example, children
with ASD may experience an atypical representation of movements which hinders their ability to
perceive, predict, and interpret the movements of others (Cook, 2016). Children with ASD can
have a difficult time participating in reciprocal social interactions, both in terms of initiating
interactions, for example, play with other typically developing (TD) children, as well as
responding to social overtures of other children, thereby making it difficult for them to develop
and sustain long-lasting relationships (Donnellan et al., 2013). Moreover, impaired fine motor
skills may limit children’s abilities to learn functional daily living skills related to dressing,
grooming etc. Along the same lines, impaired fundamental gross motor skills may limit
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children’s abilities to participate in age-appropriate games on the playground or in gym class,
and may also limit their abilities to learn complex motor skills like bicycling, swimming, etc.
Given these significant motor deficits, recent studies have tried to explore the effects of
movement-based interventions on social communication skills in ASD (Sharda et al., 2015,
Srinivasan et al., 2015, Kirschner & Tomasello, 2010). Movement-based activities also promote
social communication skills that include social monitoring and verbal communication
(Srinivasan et al., 2015). Motor deficits can often be overlooked as a characteristic of ASD
because early diagnosis/intervention often focuses on social communication and language
deficits (Lloyd, 2013). However, it has become apparent that interventions for children with
ASD should address the various motor impairments that this population faces. Given the
evidence for motor impairments in ASD and the cascading impact of motor skills on other subdomains during development, it would be important to assess and treat motor deficits in this
population.
2. Motor performance
Children with ASD exhibit gross motor impairments in fundamental motor skills such as
running, galloping, hopping, leaping, jumping, sliding, and skipping (Liu et al., 2014, Provost,
2006, and Green et al., 2009). In fact, there are early motor delays present in children with ASD,
with children struggling even in the first year of life to lift their head. One recent study found
that during a pull-to-sit task, infants exhibiting early signs of ASD had a lag in the time taken to
lift their heads and to maintain their head in line with their body compared to TD children
(Flanagan et al., 2012). Motor impairments in infancy in fact persist well into childhood and
beyond. For instance, children who were diagnosed with ASD at two years old and exhibited
motor impairments were tracked and also had motor impairments when they reached eight years
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of age (Sutera et al., 2007). This study essentially showed that children with ASD usually do not
“grow out of” the motor impairments that they exhibit as toddlers (Sutera et al., 2007). These
children would benefit from early interventions to help reduce motor impairments later in life.
Children with ASD also have difficulty with gait and posture control. A previous study
found that 79% of children with ASD in the study had poor posture control (Green et al., 2009).
Another previous study also found that children with ASD had difficulty maintaining balance
and gait, and they experienced a larger overflow i.e., additional movements required to recover
from balance perturbations when performing timed and stressed gait movements (Jansiewicz et
al., 2006). This evidence shows that children with ASD have a tendency for gait and posture
deficits.
Additionally, children with ASD have trouble imitating motor movements and have
issues in praxis. Praxis is the ability to plan and execute complex movement sequences.
According to a previous study, children with ASD made more errors in praxis than the TD
control group, with the correct response rate ranging from 14% to 75% in children with ASD
compared to a range of 46% to 87% in the TD control group (Mostofsky et al., 2006).
Additionally, children with ASD made more spatial errors compared to the TD children,
including errors in positioning their hands relative to imagined and physically-manipulated tools
and in movement amplitude while performing actions with tools (Mostofsky et al., 2006).
Children with ASD also have difficulty performing interpersonal synchrony tasks. For
instance, children with ASD displayed weaker synchrony with a parent partner during a handheld oscillating pendulum task, indicating decreased attention to the movements of others
(Fitzpatrick et al., 2016). Additionally, another study used a rocking chair paradigm to analyze
interpersonal synchrony in children with ASD. The researchers observed parents and children in
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adjacent rocking chairs during a story-telling session. While TD children tended to
spontaneously synchronize to the rocking rhythm of their parents without need for explicit
instructions, children with ASD did not exhibit such unconscious spontaneous entrainment
(Marsh et al., 2013). An additional study also looked at the ability of children with ASD to drum
in synchrony. Both TD and children with ASD were instructed to drum in-phase and anti-phase.
The study found that children with ASD were not able to stay in either required phase compared
to TD children (Isenhower et al., 2012).
Children with ASD also experience difficulty with fine motor movements. These children
have a difficult time performing reaching and grasping movements when they are quite young,
and this affects their performance of fine motor skills which therefore has an impact on their
activities of daily living, such as self-care (dressing, grooming), academics, and leisure (Sacrey
et al., 2014). Children with ASD also have poor handwriting abilities compared to TD peers. The
deficits in handwriting abilities are mostly due to fine motor control and visual-motor integration
impairments (Kushki et al., 2011). Overall, the evidence is clear that children with ASD across
the spectrum have pervasive movement-based impairments in gross and fine motor skills,
balance and gait, imitation and synchrony, as well as complex movement planning, execution,
and coordination.
3. Neural substrates underlying motor deficits in ASD
Research has tried to identify the neural substrates underlying the complex motor
impairments seen in individuals with ASD. For instance, there is some evidence that individuals
with ASD may have deficits in the mirror neuron system (MNS) in the brain. The MNS consists
of neurons in the interior parietal lobule and inferior frontal gyrus that are activated when an
individual observes someone else performing a certain action as well as when the individual
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themself performs the same action (Rizzolatti & Craighero, 2004). One theory that aims to
explain the cause of ASD states that impairments in the MNS have been linked to poor social
communication, lack of proper emotional skills, and dyspraxia (Dowell et al., 2009). Overall,
mirror neurons in the brain are critical for imitation, since they are activated when observing the
gestures and emotions of others (Rizzolatti & Craighero, 2004).
Another theory that aims to explain ASD suggests that the brains of children with ASD
have increased short-range connections and decreased long range connections (Courchesne,
1997). Long range connections exist between parts of the brain that are farther apart from one
another, such as between the frontal and occipital lobes. Short range connections exist in smaller
distances, such as within a single lobe in the brain like the parietal lobe. One study found that
children with ASD experience early overgrowth of the brain and then arrestment of development
sooner than TD children (Courchesne, 1997). Thus far in the document, we have reviewed
behavioral findings on motor issues in ASD and also discussed the neural underpinnings for the
same. Next, we will discuss evidence for movement-based interventions for children with ASD.
4. Movement-based interventions in ASD
Movement-based interventions have been used to help children with ASD. Our review of
the literature suggested two broad categories of movement-based intervention: (1) structured and
(2) creative. Structured physical activity-based interventions can improve cardiovascular
endurance, locomotor skills, skill-related fitness, and muscular strength. According to a metaanalysis with a sample size of 1009 children, physical activity-based interventions have shown to
produce an overall moderate (effect size = 0.62) effect for movement-related outcomes. (Healy et
al., 2018). The effect size statistics showed that the evidence is greater for locomotor skills, skill
related fitness, and muscular strength/endurance (Healy et al., 2018). The locomotor
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interventions for this meta-analysis had a large positive effect (effect size ≥ 0.80), as well as the
skill-related fitness interventions (effect size ≥ 0.80) and the muscular strength/endurance
interventions (effect size = 0.818). (Healy et al., 2018). Examples of locomotor interventions
utilized in the meta-analysis were trampoline activities (Lourenço et al., 2015), task variation and
constant task methods (Weber & Thorpe, 1989, 1992), and a horse-riding program (Wuang et al.,
2010). Skill-related fitness interventions included physical training (Pan et al., 2016), trampoline
(Lourenço et al., 2015), and computer activity program (Dickinson & Place, 2014) interventions.
The muscular strength/endurance interventions in this meta-analysis included aquatic exercise
paradigms (Pan, 2011), Nintendo Wii exercise gaming (Dickinson & Place, 2014), and horseriding (Wuang et al., 2010) programs.
Creative movement interventions have also been used to help children with ASD. Musicbased interventions in particular have been helpful (Srinivasan & Bhat, 2013). For example, one
study found that three out of four children with ASD who participated in one-on-one music
games such as singing, music-making, and dancing, had an increase in spontaneous imitation of
the therapist’s words and actions (Stephens, 2008). Additionally, another study found that
children with ASD had improvements in areas of balance, planning and completing multistep
sequences, bilateral and visuomotor coordination, synchrony with social partners, and the speed
and timing of motor responses after training in a rhythm group that underwent group-based
asymmetrical and symmetrical movements of the hands and legs (Kirschner & Tomasello, 2010).
Also, a different study of an 8-12-week music intervention provided evidence that children with
ASD had higher communication scores in the music group (n = 26) compared to the non-music
group (n = 25) (Sharda et al., 2018).
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Dance-based creative movement interventions have also been utilized to help children
with ASD improve their motor abilities. In one dance-based intervention study, researchers
measured the neuromuscular coordination of children with ASD after undergoing an eight-week
Greek traditional dance training program. The children were assessed based on the
Korperkoordinationstest fur Kinder (KTK) which is used to measure neuromuscular
coordination. Specifically, in this study, the children were evaluated based on their ability to
jump on one foot, balance while walking backwards, jump sideways, and sideways repositioning
and movement (Arzoglou et al., 2013). The results of the intervention indicated that the
experimental group had improvements in neuromuscular coordination, while the control group
showed no improvements (Arzoglou et al., 2013). In an additional study, a paradigm of 32
sessions of either robot, rhythm, or sedentary interventions were utilized. The study found that
there was an improvement in gross motor skills on a standardized test of motor performance,
Bruininks Oseretsky Test of Motor proficiency, in the rhythm and robot groups but not in the
sedentary play group (Srinivasan et al., 2015).
Yoga-based creative movement interventions have been used as well for children with
ASD. In one eight-week study, yoga, dance, and music activities were implemented into a
program for children with ASD. The study found improvements in children primarily ages 5-12
in which the post-treatment scores on behavioral and cognition symptoms improved significantly
(Rosenblatt et al., 2011). Another study involved 24 children with ASD who participated in an
eight-week study where they received physical therapist-delivered yoga or academic
interventions (Kaur & Bhat, 2019). In this study, the children in the yoga group showed
improved gross motor performance as well as fewer praxis and imitation errors when imitating
the training yoga poses (Kaur & Bhat, 2019). These studies provide evidence that programs for
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children with ASD involving music, yoga and dance could be used to help treat and manage
some behavioral aspects of ASD.
There is promising evidence for the utility of movement-based interventions to address
motor, social communication, and behavioral impairments in ASD. However, the current
literature is limited by small sample sizes, lack of randomized control trials (RCTs), and lack of
follow-up assessments. The interventions have mostly been pre-post designs with smaller sample
sizes. Previous studies have used sample sizes ranging from n = 4 to n = 51, according to Table
1. Also, studies have not compared creative movement versus structured physical activity
interventions in ASD, and because of this, we do not know whether it is just the movement or if
it is in fact the creative elements of music, dance, and yoga that are effective modes of
intervention. Hence, there is a need for our study.
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Table 1. Comparison of Previous Studies

Study

Stephens,
2008

N & Age
Range in
Years
n=4
Age 5-8
years

Sharda et al.,
2018

n = 51
EG = 26
CG = 25
Age 6-12
years

Study
Design

Multiple
probe
design
(MPD)

RCT

Study Duration &
Intensity of Sessions

Presence
Control
Intervention Type in
of
Group
Experimental Group
Follow- Intervention
up (Y/N)
Y
Participants
Singing, musicserved as
making, dancing
their own
controls

Probe: 15 trials (7.5
minutes)
Imitating child’s dance,
play, and vocalization:
5 trials (2.5 minutes)
Imitating child’s dance,
play, and vocalization
with expansion:
variable duration
8–12-weeks at 1 session Y
per week with 45minute duration

No music
intervention

Music, songs

Outcome Measures

Increase in the
spontaneous
imitation of the
therapist’s words
and actions

Higher
communication
scores in music
group compared to
non-music group

15
Arzoglou et
al., 2013

n = 10
EG = 5
CG = 5

Pretestposttest
CCT

EG: 8 weeks at 3
sessions per week with
35–45-minute duration
CG: 8 weeks at 2
sessions per week with
45-minute duration

N

Followed
physical
activity
program of
the school

Greek traditional
dance training
program

Improved
neuromuscular
coordination of
jumping on one
foot, balance and
walking backwards,
jumping sideways,
and repositioning
compared to the
control

RCT

8 weeks at 4 sessions
per week with 32
sessions involving
either rhythm training,
robot-based activities,
or seated play activities

N

Music and movementbased whole-body
activities

All three groups
improved on
imitation/praxis;
Rhythm and robot
groups improved on
interpersonal
synchrony
performance

Pretestposttest

8 weeks at 1 session per
week for 45-minute
duration Multimodal
yoga, dance, and music
therapy program

N

There were 2
CGs. The
robot group
received
robot-based
imitation
activities.
The seated
play group
engaged in
table-top
activities
No control
group

Yoga, dance, music

Improved behavioral
symptoms compared
to pre-intervention

EG mean
age = 16.8
CG mean
age = 16.6

Srinivasan et
al., 2015

n = 36
Rhythm
group = 12
Robot
group = 12
CG = 12
Age 5-12
years

Rosenblatt et
al., 2011

n = 24
Age 3-16
years
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Kaur & Bhat,
2019

n = 24
EG = 12
CG = 12

Pretestposttest
RCT

8 weeks at 4 sessions
per week with 2 expert
and 2 parent sessions
lasting 40 to 45 minutes
for expert and 20 to
25 minutes for parent
sessions

N

CG received
seated play
activities

Physical therapistdelivered yoga or
academic/seated play
interventions

Yoga group showed
improved gross
motor performance
as well as fewer
praxis and imitation
errors

Pretestposttest

8 weeks with 24
sessions lasting 30
minutes each of a Yoga
Training Program
(YTP)

N

No training
session, just
typical daily
activity

Yoga Training
Program (YTP)

Positive effect on
imitation, behavioral
skills, and social
skills of the children
with ASD

Pretestposttest

10 months with 5
sessions lasting 45
minutes each of the
integrated approach to
yoga therapy (IAYT)

N

No control
group

Integrated Approach
to Yoga Therapy
(IAYT)

Improvements in
children’s imitation
skills, oral facial,
and postural
movements

Age 5-13
years

Sotoodeh et
al., 2017

n = 29
EG = 15
CG = 14

Age 7-15
years
Radhakrishna, n = 6
2010
Age 8-14
years

Note: EG = Experimental Group, CG = Control Group
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5. Study design
Our study was designed to address the lacunae from previous studies by implementing
RCTs, conducting follow-ups (FUs), and including a larger sample size. As a result of the
COVID-19 pandemic, we have had to shift our mode of data collection from an in-person mode
to a telehealth-delivered virtual intervention. This transition provides us with a unique
opportunity to compare face-to-face and telehealth modes of intervention delivery and to assess
the pros and cons of each method. The novelty of telehealth can also be observed in our study
due to the use of video conferencing with the families throughout the COVID-19 pandemic. The
measures used for our study were the Test of Gross Motor Development (TGMD-2) and several
strength tests. Both the TGMD-2 and strength tests were conducted at the pretest, posttest, and
follow-up sessions to observe any potential improvement from the eight-week intervention that
each child experienced.
Materials and Methods
Participant information
The study is a collaboration between the University of Connecticut and the University of
Delaware. Therefore, participants were recruited from both sites. Children with ASD (eight
males, one female) between the ages of 8 to 14 years old participated in the study (M (SD) =
10.98 (1.87). Seven children were Caucasian, one was multiracial (Caucasian, African American
& Puerto Rican), and one was Hispanic.
Children were recruited through fliers posted online and onsite in local schools, services,
and self/parent advocacy groups. The Social Communication Questionnaire (SCQ) (Rutter,
Bailey, & Lord, 2003) was used to screen for eligibility prior to study enrollment. Caregivers
were also asked to provide a medical report from their physician/pediatrician/neurologist
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confirming their child’s diagnosis. We excluded children with any known hearing or visual
impairment or any additional orthopedic, neurological, or medical condition that would affect
their ability to participate in testing/training sessions. Children with profound intellectual
disabilities that limited their ability to respond to one-step commands or children who had severe
behavioral issues that limited their ability to imitate/comply with sustained actions performed for
a one-minute bout were excluded. Children who had previously received creative movement
experiences including music, dance, and yoga recently within the last six months were excluded.
Lastly, in light of COVID-19 for participants seen online via video conferencing, a lack of stable
internet during the first few weeks of the study was a criterion for exclusion of the family from
the study. The study was approved by the Institutional Review Board at the University of
Delaware (the IRB at the University of Connecticut signed an agreement to the effect that the
UD IRB will be the IRB of record). Parents of children with ASD signed off on parental
permission forms prior to study participation. Verbal or written assent was obtained from
children prior to the start of the study as well as at the beginning of every session.
Study procedures
The testing sessions consisted of two to four sessions within two-week periods at pretest,
posttest, and follow-up. A single tester worked with the child at these sessions. The training was
provided in the intervening period between the pretest and posttest sessions. The intervention
consisted of 16 sessions that were delivered two days a week. Training sessions were conducted
either in person (pre-COVID-19) or via zoom/WebEx conferencing (during the COVID-19
pandemic). Additionally, eight sessions were conducted by the parents at home one day a week
on their own or through zoom/WebEx conferencing guidance. Each expert-delivered session
consisted of an expert trainer (graduate student/faculty) along with an adult undergraduate
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student/model interacting with the child and the caregiver for 1-1.5 hours. All adult models
received training on interaction techniques and strategies for working with children with ASD
from the study PIs. The children were randomly chosen and placed into one of three groups for
the intervention which are as follows: a play group, a move group, and a sedentary play/create
group. However, as mentioned previously, this thesis will focus solely on the play group.
The children in the play group focused on performing activities that utilized music,
dance, and yoga which focused on improving multilimb coordination, balance, interpersonal
synchrony, and imitation skills. In the play group, the activities performed were grouped into
categories that consisted of a hello song, action song, warm-up, music time, moving game, yoga
& breathe, and farewell song.
The play group activities are designed to improve motor, cognitive, and social
communication skills for children with ASD. The play group targeted several motor skills, such
as coordination, balance, cooperation/helping, discrete imitation, and rhythmic synchrony.
Children in the play group participated in the same routine every session. Each session consisted
of a hello song to greet everyone in the group, action songs involving imitation-based finger
games, a warm up involving whole body ice-breaker games, music time activities involving the
use of musical instruments like drums, shakers, maracas, tambourines, etc., a moving game
involving moving through space to the beat of music, yoga and breathing involving solo and
partner yoga poses and practice of breathing patterns, and farewell songs/reflections to close the
session. Activities to improve motor skills included look and imitate tasks where the child
imitated the trainer/model. Copying and mirroring tasks were also used in turn taking activities
or partner poses for yoga tasks. Also, the child was asked to move in coordinated ways and to
hold various postures of different difficulties. The play group also targeted social skills by
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promoting greetings/farewells, turn taking, gestural use, and eye contact. Some of these activities
included looking at the trainer or model in order to synchronize with them, having back and forth
interaction, and encouraging socially-appropriate, compliant behaviors. The play group targeted
communication skills as well through verbal repetition and singing, responding to questions, and
encouraging child to comment on different activities and supplies.
Assessments and coding schemes
a. TGMD-2
The Test of Growth Motor Development (TGMD-2) is a standardized test to assess motor
performance in children between five and ten years of age. It includes two subtests of object
control and locomotor skills. The test has high validity and reliability.
We used the locomotor subtest of TGMD-2. Also, when testing was completed virtually
due to COVID-19, although the TGMD-2 requires specific distances, given space constraints in
the children’s homes, we did multiple back-and-forth movements to allow for a complete set of a
minimum of five movements for each trial. The assessment was delivered during pretest,
posttest, and follow-up. A single coder coded all the data after establishing inter- and intra-rater
reliability over 98% using a subset of the data (20% of the data).
(i) TGMD-2 procedure
In order to analyze the gross motor development, a specific method of coding needed to
be established. Each of the gross motor skills, including running, galloping, sliding, leaping,
horizontal jumping, hopping, and skipping has a specific performance criterion (see details in
Table 2). Each specific criterion was coded by giving the movement a score of zero or one. A
score of zero was given if the task was not performed, indicating an error. A score of one was
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given if the movement was performed. Two trials of each skill were performed. The skills
included in the test are shown in Figure 1.

a)

b)

c)

d)

e)

f)

g)

Figure 1. Proper form for each gross motor skill a) Running, b) Galloping, c) Sliding, d)
Leaping, e) Horizontal Jumping, f) Hopping, g) Skipping
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Table 2. Description of Gross Motor Skill Performance Criteria
Skill
1. Run

Directions
An object, such as a pencil, is
placed 25 feet away from the start.
The child is instructed to run to the
pencil, pick it up, and then run back
to the start.

Performance Criteria
1. Arms move in opposition to legs,
elbows bent
2. Brief period where both feet are off the
ground
3. Narrow foot placement landing on heel
or toe (i.e., not flat footed)
4. Nonsupport leg bent approximately 90
degrees (i.e., close to buttocks)

2. Gallop

The child starts at a piece of tape
marked on the floor. A cone is
placed 15 feet away from the tape.
The child is instructed to gallop to
the cone and return back to the start
where the tape is placed.

1. Arms bent and lifted to waist level at
takeoff
2. A step forward with the lead foot
followed by a step with the trailing foot to
a position adjacent to or behind the lead
foot
3. Brief period when both feet are off the
floor
4. Maintains a rhythmic pattern for four
consecutive gallops

3. Slide

The child is instructed to start at a
piece of tape marked on the floor.
A cone is placed 15 feet away from
the tape. The child is told to slide to
the cone and return back to the start
while facing one side of the wall for
the entire duration of the sliding
skill. This ensures that the child
slides away from the start line to
the right and back to the start line to
the left, or vice versa.
The child starts at a piece of tape
marked on the floor. A cone is
placed 15 feet away from the tape.
The child is instructed to leap to the
cone and return back to the start
where the tape is placed. It is
important to make sure the child
leaps as if they are jumping over an
object on the floor.

1. Body turned sideways so shoulders are
aligned with the line on the floor
2. A step sideways with lead foot followed
by a slide of the trailing foot to a point
next to the lead foot - step and then drag
other foot
3. A minimum of four continuous stepslide cycles to the right
4. A minimum of four continuous stepslide cycles to the left

4. Leap

1. Take off on one foot and land on the
opposite foot
2. A period where both feet are off the
ground longer than running
3. Forward reach with the arm opposite
the lead foot
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5. Horizontal
Jump

The child is asked to start at a piece
of tape marked on the floor. The
child is instructed to jump as far as
they can with both feet together,
away from the start.

1. Whole body preparatory movement for
jump - includes flexion of both knees with
arms extended behind the body
2. Arms extend forcefully forward and
upward reaching full extension above the
head
3. Take off and land on both feet
simultaneously
4. Arms are thrust downward during
landing

6. Hop

The child starts at a piece of tape
marked on the floor. A cone is
placed 15 feet away from the tape.
The child is instructed to hop to the
cone on one foot and return back to
the start while hopping on the other
foot.

1. Nonsupport leg swings forward in
pendular fashion to produce force
2. Foot of nonsupport leg remains behind
body
3. Arms flexed and swing forward to
produce force
4. Takes off and land three consecutive
times on preferred foot
5. Takes off and lands three consecutive
times on nonpreferred foot

7. Skip

The child is instructed to start at a
piece of tape marked on the floor.
A cone is placed 15 feet away from
the tape. The child is told to skip to
the cone and back to the start.

1. Arm move in opposite direction to leg
2. A step forward with the leading foot
that hops
3. Non supported leg clearly bent and
swing forward
4. Brief period when both feet are off the
ground
5. Maintain a rhythmic pattern for four
consecutive skips

Note: These distance criteria were modified for COVID-19 restrictions (as listed above). A
minimum of 5 movement cycles were collected to assess movement form.
(ii) TGMD-2 outcome measures
The scores of zero or one for trials one and two were summed for each individual skill.
The sums of each skill were then added together to create one final raw score for each child.
Skipping was scored separately. A higher overall raw score indicated a better performance for
the gross motor skills. The raw score was then taken and used to calculate a percentile (See
Figure 2). The percentile represents the number of scores that were equal to or below the given
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score in a set of data. A standard score was also calculated (See Figure 2). The standard score
also indicates how well the child performs for the activities. A lower standard score value
represents a poorer performance. Overall, children with a higher raw score, higher percentile
rank, and higher standard score have better coordination and are able to produce fluid
movements. Two coders coded all the data and agreed on ratings for motor performance on
TGMD-2 after establishing inter- and intra-rater reliability over 98% using a subset of the data
(20% of data).

Figure 2. Schema for calculating percentile and standard scores of children with ASD given
their respective subtest raw scores
b. Strength
A custom coding scheme was developed to assess intervention-related changes in the
strength of shoulder, hip, knee, and trunk muscles. The assessment was delivered during pretest,
posttest, and follow-up. Two coders coded all the data and agreed on ratings for strength data
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after establishing inter- and intra-rater reliability over 98% using a subset of the data (20% of
data).
(i) Strength procedure
We assessed strength in the shoulder, hip, knee, and trunk muscles using the front raise,
sumo squat and donkey kick moves (see Figure 3). Specifically, the front raise assessed strength
of the shoulder muscles, the sumo squat assessed strength of the back and quad muscles, and the
donkey kick assessed strength of hip extensor and shoulder muscles. We assessed the number of
ideal movements performed for each strength movement. For example, ideal movements for the
sumo squat include knees moving in the outward direction and bending 45-90° with a stable and
upright trunk. Ideal movements for the front raise are shoulder movements of 75-100° while
holding elbows straight with a stable and upright trunk. Also, ideal movements for the donkey
kick include a straight leg kick back with knee extension and a stable trunk and pelvis (square
hips - no twisting). Incorrect movements were then coded for movement errors. We also coded
movement modulation, movement quality, and movement form during motor performance of the
three strength test actions. Details of coding definitions are listed in Table 3 below. Additionally,
Table 4 describes incorrect movements for each strength skill.
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a)

b)

c)

Figure 3. Proper form for each strength skill: a) Sumo squat, b) Front raise, c) Donkey kick

Table 3. Description of Errors for Strength Schema
Error Type
Movement
Modulation

Definition
Assesses the amount of joint
movement excursion in the target
joints compared to those of the adult.
The focus is on range of motion.
Insufficient would be incomplete
range of motion. Exaggerated would
be a greater force and
excursion/overshot movement. The
key target joints are as follows: For
sumo squat, it is bilateral hip-knee
flexion, for front raise it is bilateral
shoulder flexion, and for the donkey
kick it is the amount of hip extension
of the kicking leg.

Coding Scheme
0 – Appropriate
modulation
1 – Insufficient
modulation
2 – Exaggerated
motions
3 – Insufficient
& Exaggerated
motions

Example of Error
In the sumo squat,
if the child does not
bend their knees at
least 45-90º, then it
is considered
insufficient.
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Movement
Quality

Movement
Form

Movement quality looks at the
smoothness of the movement and the
ability of the child to control the
force exerted during the movement.
An error is a flow or qualitative
approach different from that of the
adult where in the child shows
movements that are not smooth (jerky
or flailing movements where they
swing their arms using momentum
and are unable to control the force of
the movement). Smooth movement is
the ideal representation with good
force control and flow. Jerky
movement has some force control but
the trajectory is broken up and the
movement seems segmented. Flailing
or swinging movement is when the
child predominantly uses momentum
or gravity to bring about the motion.
Movement is judged based on
whether or not the form was correct.

0 – Smooth
movement
1 – Not smooth
movement (jerky
or flailing)

In the front raise, if
the child is using
gravity and visibly
swinging their
arms, it is coded as
a flailing/swinging
error.

0 – Correct
1 – Incorrect
(details of
incorrect form
for each
movement are
provided below)

In the donkey kick,
if the child’s
kicking leg is
extended sideways
or rotated not in
line with the hips
(abduction/
adduction/rotation),
then this is
considered
incorrect.

Table 4. Description of Incorrect Strength Movements
Movement
Sumo Squat

Part of Body
Trunk and Pelvis
Hand and Arm
Legs

Feet

Description of Incorrect Movement
Trunk is bent forwards, backwards, sideways or rotated
from pelvis (look at the upper and lower trunk)
Arms are not in a fixed position but are rather
moving/flailing during the movement
Knees bend either less than 45 degrees or child flops
beyond 90 degrees or the legs face forward (not outward)
and the knees go over the toes
Feet are placed either less than shoulder width apart
(narrow stance) or are too wide apart beyond shoulder
width
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Front Raise

Trunk and Pelvis
Hand and Arm
Legs
Feet

Donkey
Kick

Trunk and Pelvis

Hand and Arm

Leg 1 Weightbearing
Leg 2 - Kicking

Trunk is bent forwards, backwards, sideways or rotated
from pelvis
Arms are bent at the elbow or do not move straight in front
of body but rather to the side or diagonally upwards.
Legs are not straight, could be bent at the knees or could be
locked at the knees.
Feet are not positioned straight under hips and child is on
tippy toes or on heels or on the outer or inner borders of
their feet
Trunk and pelvis are either bent forward (stoop
posture/cow posture) or are arched (cat posture) or are
twisted sideways or rotated
Elbows are locked and hands are not right under the
shoulders and are instead ahead of or behind the shoulders
beyond a 1-inch margin
Knee is not under the hip and is instead way ahead or
behind or to the side of the hip
Knee is bent or the leg is extended sideways or is rotated
and not in line with the hips (i.e.
abduction/adduction/rotation)

(ii) Strength Outcome Measures
The types of errors that the child made for each error category will be reported as well as
the proportion of movements for which these errors occurred.
Results
TGMD-2
The results of the TGMD-2 indicate that the nine children in the play group showed
improvements in their standard scores (Pretest M (SD) = 5.78 (2.75), Posttest M (SD) = 9.22
(3.23), p = 0.00) as well as their percentile scores (Pretest M (SD) = 15.88 (20.61), Posttest M
(SD) = 43 (33.93), p = 0.38). There was a significant improvement in the standard scores from
pretest to posttest. The nine children also had overall improvements in running (Pretest M (SD) =
5.89 (2.47), Posttest M (SD) = 6.89 (2.03), p = 0.00), galloping (Pretest M (SD) = 4.78 (2.11),
Posttest M (SD) = 6.11 (1.69), p = 0.02), hopping (Pretest M (SD) = 7.67 (2.00), Posttest M (SD)
= 8.78 (1.72), p = 0.08), leaping (Pretest M (SD) = 3.22 (2.11), Posttest M (SD) = 5.11 (1.36), p
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= 0.00), horizontal jumping (Pretest M (SD) = 5.67 (2.00), Posttest M (SD) = 6.89 (1.54), p =
0.18), sliding (Pretest M (SD) = 7.22 (0.97), Posttest M (SD) = 7.33 (1.32), p = 0.56) and
skipping (Pretest M (SD) = 6.44 (2.74), Posttest M (SD) = 8.00 (2.83), p = 0.01). There was a
significant amount of improvement in the running, galloping, leaping, and skipping skills, as
indicated by an asterisk in Figure 4a. Additionally, the magnitude of improvement on the
standard scores ranged from one to eight, and the magnitude of improvement on the percentile
values ranged from 3% to 79%. Figure 4b and 4c show data from individual children.

a)

*

*
*

b)

*

c)

Figure 4. a) Training-related changes in raw scores on TGMD-2 from pretest to posttest, b)
Individual data on training related changes in standard scores on the TGMD-2 from pretest to
posttest, c) Individual data on training related changes in percentile scores on the TGMD-2 from
pretest to posttest
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Strength
There were no observable changes in the sumo squat and front raise skills. However,
there was a trend indicating a decrease in the percentage of errors for the right and left donkey
kick movements from pretest to posttest. Still, this evidence was not significant enough to
indicate whether or not the children improved. As seen in Figure 5, a greater number of errors in
the percentage of movements indicates worse performance in the skills.

a)

b)

c)

d)

Figure 5. Training-related changes in errors of movement performance from pretest to posttest
for strength test moves of: a) Sumo squat, b) Front raise, c) Left donkey kick, and d) Right
donkey kick
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Discussion
Summary of results
This is the first randomized controlled trial that has evaluated the effects of two different
types of whole-body movement and play-based interventions compared to a standard-of-care
seated play intervention in children with ASD (Note, although the study involved two movement
groups, this thesis reports data collected to date only for one of the movement groups, i.e., the
play group). Moreover, the study is novel and innovative in that we used a pragmatic approach,
i.e., the study was designed to assess the effectiveness of the interventions within real-world,
community settings. Another important adaptation in line with a pragmatic approach is that in
light of the ongoing COVID-19 pandemic and social distancing/lockdown recommendations, we
gave families the choice of intervention delivery either using a face-to-face or a telehealth-based
approach. We also made significant efforts to tailor the intervention to the needs, likes/dislikes,
and preferences of participating children and families to make it more clinically meaningful for
them. Our pilot data from nine children from the play group suggests that we found
improvements on running, galloping, leaping, horizontal jumping, hopping, and skipping skills
of the standardized test of motor performance, the TGMD-2. No improvements were found in the
play group on upper and lower body strength abilities of children based on a custom-developed
strength test. Below we discuss our findings in the context of the broader ASD literature relative
to movement-based interventions and the clinical implications/future directions of this work.
Changes in locomotor skills with training
Overall, the nine children in the play group improved in their abilities to perform all of
the seven skills assessed in the TGMD-2, as indicated in Figure 4a. Leaping had the largest
magnitude of change, while other skills had smaller magnitudes of change. Individual data trends

32
also indicate specific improvements in these skills. For instance, 33% of the children improved in
sliding, 44% improved in running, 56% improved in leaping and hopping, and 77% improved in
galloping, horizontal jumping, and skipping. These specific locomotor skills (running, galloping,
leaping, horizontal jumping, leaping, hopping, sliding, and skipping) were practiced during
training sessions within the play group in the context of different music and dance-based
movement games. Therefore, it is encouraging to see that children improved on these locomotor
skills from pretest to posttest on the standardized TGMD -2 test with a novel tester conducted
outside the training context. The smallest improvement was observed in the sliding skill as seen
in Figure 4a. A possible explanation for the minimal improvement in sliding is that the sliding
scores were among the highest scores of all other skills to begin with at the pretest.
Consequently, there was little room for the children to improve in the posttest. In the pretest,
56% of the children had a perfect score for the sliding skill, and in the posttest, 67% had a
perfect score. Additionally, the play group focused more on gross motor abilities in music and
movement scenarios. Sliding is not a skill typically practiced during physical activity music
games.
The children in the play group showed improvements in locomotor skills because they
practiced the motor skills analyzed in the TGMD-2 throughout the duration of the intervention
with the tester and the adult confederate. For instance, every session involved a moving game
during which children were instructed to move through space to the beat of the music while
practicing different locomotor skills. Each game had a different theme. For instance, slow-fast,
move on a count, start and stop, high-low, small-large, etc., and the movements practiced were
appropriate to the themes. Each session involved games that embodied the particular theme. For
example, a balloon game was part of the slow-fast theme where children were asked to imagine
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that they were a balloon. They had to move around the space like a light, blown-up balloon. To
begin with, the balloon was just “sliding” along. Then, as the wind got stronger, the balloon was
“skipping” up and down the hills. Finally, the wind got even stronger, and now the balloon was
“leaping” from one hill to the next. Additionally, the “slowland and fastland” game was also part
of the slow-fast theme. For this game, the room was divided into two parts, using a jump rope as
the divider. One side was the slowland where children would perform locomotor skills slowly,
and one side was the fastland where the children had to perform skills quickly. Some examples
of movements performed in the fastland were running, skipping, and one-legged hopping while
switching legs quickly. Examples of movements in the slowland included galloping, walking,
and sliding. Music was also played during the game. When the game started, if fast tempo music
played, this signaled that the child would need to be in the fastland and perform one of the fast
skills. When the music switched to a slower tempo, the child moved to the slowland and
performed a slow skill. From these two moving games i.e., the balloon game and “slowland and
fastland”, the children were able to practice skipping, sliding, leaping, running, hopping, and
galloping, all of which were tested in the TGMD-2. There were many other games in the play
group as well to help the children improve their locomotor abilities.
All other games and themes provided children with a pretend story-based or a song-based
context in which actions were practiced. Moreover, before every game, the children were
provided picture-based cues, visual demonstrations of actions, and verbal cues (for example,
“step-hop” cue to help breakdown the skipping move or “jump over the obstacle” for leaping,
etc.) to help them understand the move. Children also practiced each individual move before they
went on to put all moves together within the moving game. During the practice and the actual
games, all individuals involved in the session performed all skills synchronously thereby
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providing children a continuous visual model. Thus, the children had plenty of opportunities to
practice locomotor skills with appropriate instructional guidance during the entire training
duration.
Similar improvements in locomotor skills were found in other intervention studies as
well. For example, one motor intervention found that children with ASD improved significantly
in several motor skill areas. In this RCT study, ten 9–12-year-old children with ASD (IG = 10,
CG = 20) received a 10-week intervention that met three times a week for 45 minutes (Rafie et
al., 2017). The intervention focused on improving motor skills such as body awareness, motor
planning, balance, fine motor coordination, visual-motor coordination, and the children’s skills
were analyzed with Bruininks-Oseretsky Test of Motor Proficiency (BOTMP) (Rafie et al.,
2017). This study utilized motor activities, games, and sports-based activities. The results
indicated that the children showed improvements in perceptual-motor skills such as balance,
upper limb coordination, upper limb speed and dexterity, visual- motor control, and strength
(Rafie et al., 2017). Another study had children with ASD ages 8-10 years old attend either a
physical therapy program for the control group (CG = 15, 30 min, 3x /week, 12 weeks), or a
physical therapy group as well as gait training with rhythmic auditory stimulation for the
experimental group (IG = 15, 60 min, 3x /week, 12 weeks) (El Shemy & El-Seyed, 2018). The
results of the study showed that the experimental group had better improvements in in balance,
bilateral coordination, running speed and agility, and strength subtests of the BOTMP 2nd edition
compared to the control group (El Shemy & El-Seyed, 2018). In an additional SPARK study, 26
5–12-year-old children total (IG = 12, CG = 14) received a motor intervention that utilized
physical education games and activities (40 min, 3x week, 12 weeks) (Najafabadi et al., 2018).
The results of the study showed that the children significantly improved their balance (static and
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dynamic), bilateral coordination and social interaction (p < 0.05) abilities (Najafabadi et al.,
2018). Another study had children ages 4-6 (IG = 11, CG = 9) participate in an intensive motor
skill intervention (4 hours, 5x/week, 8 weeks) (Ketcheson et al., 2017). The control group was
not a part of the intervention. The results of the study showed that there were significant
differences between the groups in terms of locomotor, object control, and gross quotient
outcomes (Ketcheson et al., 2017). Overall, multiple studies that provided different types of
short-term (8-12 week), movement training interventions showed improvements on standardized
measures similar to the results we obtained in our study.
Additionally, other dance-based interventions also showed similar results compared to
our study. In one study, individuals with ASD (age 16-47, IG = 16, CG = 15) received a
dance/music therapy intervention (60 minutes, 1x/week, 7 weeks) (Koch et al., 2015). The results
of the study showed that the experimental group had improvements in well-being, body
awareness, self-other distinction, and social skills (Koch et al., 2015). In another study,
individuals with ASD (age 14-53, IG = 55, CG = 23) were provided a dance/music therapy
intervention as well (60 minutes, 1x/week, 10 weeks) (Hildebrandt et al., 2016). The results of
this study did not indicate statistically significant changes in outcomes, but there was an overall
trend indicating a reduction in specific negative symptoms of children with ASD (Hildebrandt et
al., 2016).
Previous music-based interventions also obtained similar results compared to our study.
For example, one RCT study had 22 children, assigned to either the experimental or control
group, where movement activities in the intervention were performed with music (Atigh et al.,
2017). The control group performed the same motor activities without music. The results
indicated that both of the studies showed improvements in motor skills, but the music group
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showed differences in areas such as balance, bilateral coordination, and upper limb coordination
(Atigh et al., 2017). In another study, four children with ASD were enrolled in a music therapy
intervention where an outdoor music center was implemented into the playground of child care
programs (Kern & Aldridge, 2006). The results showed that the outdoor music center fostered
play and involvement with peers (Kern & Aldridge, 2006). These studies utilizing dance and
music interventions indicate that incorporating creative or structured movement, for example,
has helped children with ASD improve their locomotor skills.
Changes in upper and lower body strength with training
The data indicated that there were no improvements in strength abilities for the sumo
squat and front raise skills. However, there was an observable trend of a decreased percentage of
errors from pretest to posttest in the left and right donkey kick movements. Still, the evidence
was not significant enough for there to be observable improvements for the donkey kick skills
either. A possible explanation for the lack of improvement in strength from pretest to posttest is
that strength was not a skill specifically targeted in the play study. Improving strength in the
upper and lower body was in fact the focus of the second movement group, i.e., the move group,
that is also part of this larger study. The move group practiced activities targeted towards
improving strength in the arms and legs as well as the trunk through body weight-based activities
like squats, lunges, push-ups, sit-ups, Russian twists, etc. The children in the move group also
used very light weights held during the practice of arm actions such as rowing, press-up, back
row, back fly, etc. At present, we only have data from three children in the move group, hence
this group was not included as part of this thesis. In the future, we will analyze data from the
move group to see whether task-specific training provided during intervention sessions relative
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to building strength in specific muscles translates to improvements in strength performance on
our custom-developed test with a novel tester outside the training context.
The lack of improvements in strength within the play group also provides evidence for
training specificity. This implies that children with ASD only show improvements in skills that
are practiced during the training. Carry-over to skills not specifically practiced is very poor. Our
literature review revealed a few studies that specifically reported improvements in muscular
strength and endurance following targeted training programs. For example, in one study, children
with ASD (n = 15) and their siblings (n = 15) without disabilities were instructed to attend a 14week intervention where they practiced physical fitness and aquatic skills (Pan, 2011). The
results of the study showed that children with ASD in the experimental group had significant
improvements in muscle strength and endurance as well as more advanced aquatic skills
compared to the control group (Pan, 2011). In an additional study, 70 male children with (n=35)
and without ASD (n=35) were instructed to use an accelerometer for five weekdays and two
weekend days to record levels of physical activity (Pan et al., 2016). The study found that
individuals with and without ASD who demonstrated high levels of physical activity had
increased muscular strength and endurance during the Brockport Physical Fitness Test (Pan et
al., 2016). It remains to be seen if the move group that is receiving targeted strength practice
will show improvements in upper and lower body strength on our custom-developed test from
pretest to posttest.
Comparison of in-person and telehealth intervention delivery
The use of telehealth technology has several advantages. For instance, it provides greater
access to families in different locations who would not have been able to interact in-person due
to the distance, traveling, etc. Also, there is greater parental involvement which can be useful for
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the children to feel more comfortable throughout the duration of the intervention. One study also
found that parents are very supportive of new telehealth modalities. This study analyzed
telehealth interventions for occupational therapy, and the researchers found that parents enjoyed
how telehealth fostered a collaborative relationship that fit in with their daily lives (Wallisch et
al., 2019). Another study where seven parents were trained to incorporate Applied Behavior
analysis (ABA) with their children with ASD found that parents improved their ability to
incorporate ABA methodologies with their children by 41 percentage points on average
(Heitzman-Powell et al., 2013). The study also found that 9,052 driving miles were saved for the
four families because of the telehealth mode of intervention (Heitzman-Powell et al., 2013).
However, telehealth can also be challenging. For instance, it requires an additional
amount of dedication from the parents since they will need to provide more instruction. It also
takes a longer amount of time for clinicians to develop a rapport. Also, telehealth may be
difficult for families that have severely involved children. These families do not have the inperson assistance that clinicians provide. Clinicians are also not there in-person to provide handson assistance or to directly instruct the child. There might be technical difficulties as well, or the
parent may not be familiar with certain forms of technology involved in the telehealth
intervention, i.e., video conferencing, setting up the camera, etc. However, the benefits of
telehealth interventions outweigh these challenges.
Telehealth has been used in different ways outside of our own study in order to assist
children with ASD. For example, previous studies have used telehealth methods to improve the
social and communication abilities of children with ASD. One study utilized telehealth for
functional communication training (FCT) (Wacker et al., 2013). An additional study utilized an
early behavior intervention for 51 individuals with ASD. The intervention consisted of three-
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module online courses, and the results showed user satisfaction of this online behavior
intervention (Hamad et al., 2010). Specific telehealth interventions have also been used similar to
our own study. For example, telehealth has been used in occupational-based coaching for
children with ASD. According to one study, 18 families of children with ASD participated in the
intervention (Little et al., 2018). The study found that telehealth was an effective mode of
intervention for children with ASD (Little et al., 2018). Evidently, previous studies have shown
that telehealth is an effective way to deliver interventions to children with ASD.
In our study, it was initially challenging to transition to telehealth interventions. For
example, there was a limited amount of space in the children’s homes for the activities.
However, we were able to overcome these certain challenges. For the TGMD-2 assessment, we
made sure to obtain about 10 cycles of movement and repeated the activities multiple times even
in small spaces. For instance, instead of a 50-foot shuttle run, we would ask the child to run 5
times for a 10-foot distance. Overall, our study did not provide significant evidence for a
difference in the results of children who participated in in-person interventions versus telehealth.
Our pilot data suggest that telehealth may be a feasible yet equally effective form of intervention
for families of children with ASD, provided there is sufficient buy-in from families for the
intervention method.
Limitations of the study and future directions
Limitations of the thesis include a small sample size. Since this is an ongoing study, I was
able to report data from only nine children who have been thus far within the play group. Given
the spectrum of ASD, there is also great variability in children’s’ abilities relative to their IQ,
autism severity, and verbal abilities. We were also unable to conduct analyses where we
controlled for baseline characteristics of children, given the small sample size at present.
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Additionally, there was a wide range of ages from 8 to 14 years old. The intervention was also
relatively short and only lasted 8 weeks. The telehealth component of the study was also difficult
to regulate since we relied on parent compliance as well. It is recommended that future studies
should utilize a larger sample size, children with similar abilities, closer age ranges, a longer
intervention, and better control when utilizing the telehealth intervention.
Clinical implications
Our study shows that play-based interventions are promising for the improvement of
locomotor skills. Previous studies in this lab have shown that these activities are enjoyable for
children and also promote social skills along with motor skills. For instance, a previous
randomized controlled trial comparing the effects of rhythm-based interventions and standard-ofcare, seated play interventions suggested that rhythm training promoted high levels of sociallydirected attention towards trainers, an increase in speech directed towards trainers, higher levels
of positive affect and improved behavioral skills and compliance during the training, and also
improved imitation, gross motor skills, and interpersonal synchrony compared to the seated play
training (Srinivasan et al., 2015a, b; Srinivasan et al., 2016a, b). These previous studies along
with the results of the present study suggest that play-based interventions involving music and
movement have the potential to target the multiple impairments in children with ASD.
The play group intervention in our study could be utilized and implemented into physical
therapy programs for children with ASD to help improve gross motor skills. This type of
intervention could also be applied to physical activity programs in schools for children in special
education programs.

41
References
Arzoglou et al. (2013). The effect of α tradinional dance training program on neuromuscular
coordination of individuals with autism. Journal of Physical Education and Sport, 13(4),
563-569. doi: :10.7752/jpes.2013.04088
Atigh, A. S. G., Akbarfahimi, M., & Zarei, M. A. (2017). The effect of movement activities in
synchronization with music on motor proficiency of children with autism. Journal of
Advanced Medical Sciences and Applied Technologies, 3(2), 61.
doi:10.18869/nrip.jamsat.3.2.61
Autism and Developmental Disabilities Monitoring Network Surveillance Year 2002 Principal
Investigators; Centers for Disease Control and Prevention. Prevalence of autism spectrum
disorders--autism and developmental disabilities monitoring network, 14 sites, United
States, 2002. MMWR Surveill Summ, 56(1):12-28. PMID: 17287715
Autism Spectrum Disorder: Communication Problems in Children. (2020, December 14).
Retrieved December 20, 2020, from https://www.nidcd.nih.gov/health/autism-spectrumdisorder-communication-problems-children
Bhat, A. N. (2020). Is Motor Impairment in Autism Spectrum Disorder Distinct From
Developmental Coordination Disorder? A Report From the SPARK Study. Physical
Therapy, 100(4), 633-644. doi:10.1093/ptj/pzz190
Campos, J. J., Anderson, D. I., Barbu-Roth, M. A., Hubbard, E. M., Hertenstein, M. J., &
Witherington, D. (2000). Travel broadens the mind. Infancy, 1(2), 149-219.
doi:10.1207/s15327078in0102_1
Cook, J. (2016). From movement kinematics to social cognition: The case of autism.
Philosophical Transactions of the Royal Society B: Biological Sciences, 371(1693),
20150372. doi:10.1098/rstb.2015.0372
Courchesne, E. (1997). Brainstem, cerebellar and LIMBIC neuroanatomical abnormalities in
autism. Current Opinion in Neurobiology, 7(4), 568. doi:10.1016/s0959-4388(97)80038-4
Diagnostic Criteria. (2020, June 29). Retrieved December 15, 2020, from
https://www.cdc.gov/ncbddd/autism/hcp-dsm.html
Dickinson, K., & Place, M. (2014). A randomised control trial of the impact of a ComputerBased Activity Programme upon the fitness of children with autism. Autism Research and
Treatment, 2014, 1-9. doi:10.1155/2014/419653
Donnellan, A. M., Hill, D. A., & Leary, M. R. (2013). Rethinking autism: Implications of
sensory and movement differences for understanding and support. Frontiers in Integrative
Neuroscience, 6. doi:10.3389/fnint.2012.00124

42
Dowell, L. R., Mahone, E. M., & Mostofsky, S. H. (2009). Associations of postural knowledge
and basic motor skill with dyspraxia in autism: Implication for abnormalities in distributed
connectivity and motor learning. Neuropsychology, 23(5), 563-570. doi:10.1037/a0015640
El Shemy, S. A., & El-Sayed, M. S. (2018). The impact of auditory rhythmic cueing on gross
motor skills in children with autism. Journal of Physical Therapy Science, 30(8), 10631068. doi:10.1589/jpts.30.1063
Fitzpatrick, P., Frazier, J. A., Cochran, D. M., Mitchell, T., Coleman, C., & Schmidt, R. C.
(2016). Impairments of Social Motor Synchrony Evident in Autism Spectrum
Disorder. Frontiers in Psychology, 7. doi:10.3389/fpsyg.2016.01323
Flanagan, J. E., Landa, R., Bhat, A., & Bauman, M. (2012). Head lag in infants at risk for
autism: A preliminary study. American Journal of Occupational Therapy, 66(5), 577-585.
doi:10.5014/ajot.2012.004192
Fournier, K. A., Hass, C. J., Naik, S. K., Lodha, N., & Cauraugh, J. H. (2010). Motor
coordination in autism spectrum disorders: A synthesis and meta-analysis. Journal of
Autism and Developmental Disorders, 40(10), 1227-1240. doi:10.1007/s10803-010-0981-3
Green, D., Charman, T., Pickles, A., Chandler, S., Loucas, T., Simonoff, E., & Baird, G. (2009).
Impairment in movement skills of children with autistic spectrum disorders.
Developmental Medicine & Child Neurology, 51(4), 311-316. doi:10.1111/j.14698749.2008.03242.x
Hamad, C. D., Serna, R. W., Morrison, L., & Fleming, R. (2010). Extending the reach of early
intervention training for practitioners. Infants & Young Children, 23(3), 195-208.
doi:10.1097/iyc.0b013e3181e32d5e
Healy, S., Nacario, A., Braithwaite, R. E., & Hopper, C. (2018). The effect of physical activity
interventions on youth with autism spectrum disorder: A meta-analysis. Autism Research,
11(6), 818-833. doi:10.1002/aur.1955
Heitzman-Powell, L. S., Buzhardt, J., Rusinko, L. C., & Miller, T. M. (2013). Formative
evaluation of an ABA Outreach training program for parents of children with autism in
remote areas. Focus on Autism and Other Developmental Disabilities, 29(1), 23-38.
doi:10.1177/1088357613504992
Hildebrandt, M., Koch, S., & Fuchs, T. (2016). “We dance and find each other”1: Effects of
dance/movement therapy on negative symptoms in autism spectrum disorder. Behavioral
Sciences, 6(4), 24. doi:10.3390/bs6040024
Isenhower, R. W., Marsh, K. L., Richardson, M. J., Helt, M., Schmidt, R., & Fein, D. (2012).
Rhythmic bimanual coordination is impaired in young children with autism spectrum
disorder. Research in Autism Spectrum Disorders, 6(1), 25-31.
doi:10.1016/j.rasd.2011.08.005

43
Jansiewicz, E. M., Goldberg, M. C., Newschaffer, C. J., Denckla, M. B., Landa, R., &
Mostofsky, S. H. (2006). Motor Signs Distinguish Children with High Functioning Autism
and Asperger’s Syndrome from Controls. Journal of Autism and Developmental Disorders,
36(5), 613-621. doi:10.1007/s10803-006-0109-y
Kaur, M., & Bhat, A. (2019). Creative yoga Intervention IMPROVES motor and Imitation skills
of children with autism spectrum disorder. Physical Therapy, 99(11), 1520-1534.
doi:10.1093/ptj/pzz115
Kern, P., & Aldridge, D. (2006). Using embedded music therapy interventions to support
outdoor play of young children with autism in an inclusive community-based child care
program. Journal of Music Therapy, 43(4), 270-294. doi:10.1093/jmt/43.4.270
Ketcheson, L., Hauck, J., & Ulrich, D. (2017). The effects of an early motor skill intervention on
motor skills, levels of physical activity, and socialization in young children with autism
spectrum disorder: A pilot study. Autism, 21(4), 481-492. doi:10.1177/1362361316650611
Kirschner, S., & Tomasello, M. (2010). Joint music making promotes prosocial behavior in 4year-old children. Evolution and Human Behavior, 31(5).
Doi:10.1016/j.evolhumbehav.2010.04.004
Koch, S. C., Mehl, L., Sobanski, E., Sieber, M., & Fuchs, T. (2015). Fixing the mirrors: A
feasibility study of the effects of dance movement therapy on young adults with autism
spectrum disorder. Autism, 19(3), 338-350. doi:10.1177/1362361314522353
Kushki, A., Chau, T., & Anagnostou, E. (2011). Erratum to: Handwriting Difficulties in Children
with Autism Spectrum Disorders: A Scoping Review. Journal of Autism and
Developmental Disorders, 41(12), 1717-1717. doi:10.1007/s10803-011-1335-5
Leary, M., & Hill, D. A. (1996). Moving On: Autism and Movement Disturbance. Mental
Retardation. 34(1), 39-53. PMID: 8822025
Licari, M. K., Alvares, G. A., Varcin, K., Evans, K. L., Cleary, D., Reid, S. L., . . . Whitehouse,
A. J. (2019). Prevalence of Motor Difficulties in Autism Spectrum Disorder: Analysis of a
Population‐Based Cohort. Autism Research, 13(2), 298-306. doi:10.1002/aur.2230
Little, L. M., Pope, E., Wallisch, A., & Dunn, W. (2018). Occupation-based coaching by means
of telehealth for families of young children with autism spectrum disorder. American
Journal of Occupational Therapy, 72(2). doi:10.5014/ajot.2018.024786
Liu, T., Hamilton, M., Davis, L., & ElGarhy, S. (2014). Gross Motor Performance by Children
with Autism Spectrum Disorder and Typically Developing Children on TGMD-2. Journal
of Child and Adolescent Behaviour, 02(01). doi:10.4172/2375-4494.1000123
Lloyd, M., MacDonald, M., & Lord, C. (2013). Motor skills of toddlers with autism spectrum
disorders. Autism, 17(2), 133-146. doi:10.1177/1362361311402230

44
Lourenço, C., Esteves, D., Corredeira, R., Seabra, A. (2015). The effect of a trampoline-based
training program on the muscle strength of the inferior limbs and motor proficiency in
children with autism spectrum disorders. Journal of Physical Education and Sport. 15(3),
592. doi:10.7752/jpes.2015.03089
Maenner, M. J., Shaw, K. A., Baio, J., et al. (2020). Prevalence of Autism Spectrum Disorder
Among Children Aged 8 Years — Autism and Developmental Disabilities Monitoring
Network, 11 Sites, United States, 2016. MMWR Surveill Summ, 69(SS-4), 1–12.
DOI: http://dx.doi.org/10.15585/mmwr.ss6904a1external icon
Marsh, K. L., Isenhower, R. W., Richardson, M. J., Helt, M., Verbalis, A. D., Schmidt, R. C., &
Fein, D. (2013). Autism and social disconnection in interpersonal rocking. Frontiers in
Integrative Neuroscience, 7. doi:10.3389/fnint.2013.00004
Mostofsky, S. H., Dubey, P., Jerath, V. K., Jansiewicz, E. M., Goldberg, M. C., & Denckla, M.
B. (2006). Developmental dyspraxia is not limited to imitation in children with autism
spectrum disorders. Journal of the International Neuropsychological Society, 12(03).
doi:10.1017/s1355617706060437
Najafabadi, M., Sheikh, M., Hemayattalab, R., & Amir, M. (2018). The Effect of SPARK on
Social and Motor Skills of Children with Autism. Pediatrics & Neonatology, 59(5).
Doi:10.1016/j.pedneo.2017.12.005
Pan, C. (2011). Physical activity correlates for children with autism spectrum disorders in middle
school physical education. Research Quarterly for Exercise and Sport, 82(3).
doi:10.5641/027013611x13275191443982
Pan, C., Chu, C., Tsai, C., Sung, M., Huang, C., & Ma, W. (2016). The impacts of physical
activity intervention on physical and cognitive outcomes in children with autism spectrum
disorder. Autism, 21(2), 190-202. doi:10.1177/1362361316633562
Provost, B., Lopez, B. R., & Heimerl, S. (2006). A comparison of motor delays in young
children: Autism spectrum disorder, developmental delay, and developmental concerns.
Journal of Autism and Developmental Disorders, 37(2), 321-328. doi:10.1007/s10803-0060170-6
Radhakrishna, S. (2010). Application of integrated yoga therapy to increase imitation skills in
children with autism spectrum disorder. International Journal of Yoga, 3(1), 26.
doi:10.4103/0973-6131.66775
Rafie, F., Ghasemi, A., Jam, A. Z., Jalali, S. (2017) Effect of exercise intervention on the
perceptual-motor skills in adolescents with autism. J Sports Med Phys Fitness, 57(1-2), 5359. doi: 10.23736/S0022-4707.16.05919-3
Rizzolatti, G., & Craighero, L. (2004). The Mirror-Neuron System. Annual Review of
Neuroscience, 27(1), 169-192. doi:10.1146/annurev.neuro.27.070203.144230

45
Rosenblatt, L. E., Gorantla, S., Torres, J. A., Yarmush, R. S., Rao, S., Park, E. R., . . . Levine, J.
B. (2011). Relaxation response–based yoga improves functioning in young children with
autism: A pilot study. The Journal of Alternative and Complementary Medicine, 17(11),
1029-1035. doi:10.1089/acm.2010.0834
Rutter, M., Bailey, A., & Lord, C. (2003) The Social Communication Questionnaire: Manual
Sacrey, L. R., Germani, T., Bryson, S. E., & Zwaigenbaum, L. (2014). Reaching and Grasping in
Autism Spectrum Disorder: A Review of Recent Literature. Frontiers in Neurology, 5.
doi:10.3389/fneur.2014.00006
Sharda, M., Midha, R., Malik, S., Mukerji, S., & Singh, N. C. (2015). Fronto-temporal
connectivity is preserved during sung but not spoken word listening, across the autism
spectrum. Autism Res. 8, 174–186. Doi:10.1002/aur.1437
Sharda, M., Tuerk, C., Chowdhury, R., Jamey, K., Foster, N., Custo-Blanch, M., . . . Hyde, K.
(2018). Music improves social communication and auditory–motor connectivity in children
with autism. Translational Psychiatry, 8(1). doi:10.1038/s41398-018-0287-3
Sotoodeh, M. S., Arabameri, E., Panahibakhsh, M., Kheiroddin, F., Mirdoozandeh, H., &
Ghanizadeh, A. (2017). Effectiveness of yoga training program on the severity of autism.
Complementary Therapies in Clinical Practice, 28, 47-53. doi:10.1016/j.ctcp.2017.05.001
Srinivasan, S. M., & Bhat, A. N. (2013). A review of “music and movement” therapies for
children with autism: Embodied interventions for multisystem development. Frontiers in
Integrative Neuroscience, 7. doi:10.3389/fnint.2013.00022
Srinivasan, S. M., Eigsti, I., Gifford, T., & Bhat, A. N. (2016). The effects of embodied rhythm
and robotic interventions on the spontaneous and responsive verbal communication skills
of children with autism spectrum disorder (asd): A further outcome of a pilot randomized
controlled trial. Research in Autism Spectrum Disorders, 27, 73-87.
doi:10.1016/j.rasd.2016.04.001
Srinivasan, S. M., Eigsti, I., Neelly, L., & Bhat, A. N. (2016). The effects of embodied rhythm
and robotic interventions on the spontaneous and responsive social attention patterns of
children with autism spectrum disorder (asd): A pilot randomized controlled trial. Research
in Autism Spectrum Disorders, 27, 54-72. doi:10.1016/j.rasd.2016.01.004
Srinivasan, S. M., Kaur, M., Park, I. K., Gifford, T. D., Marsh, K. L., & Bhat, A. N. (2015). The
Effects of Rhythm and Robotic Interventions on the Imitation/Praxis, Interpersonal
Synchrony, and Motor Performance of Children with Autism Spectrum Disorder (ASD): A
Pilot Randomized Controlled Trial. Autism Research and Treatment, 2015, 1-18.
doi:10.1155/2015/736516
Srinivasan, S. M., Park, I. K., Neelly, L. B., & Bhat, A. N. (2015). A comparison of the effects of
rhythm and robotic interventions on repetitive behaviors and affective states of children

46
with autism spectrum disorder (asd). Research in Autism Spectrum Disorders, 18, 51-63.
doi:10.1016/j.rasd.2015.07.004
Stephens, C. E. (2008). Spontaneous imitation by children with autism during a repetitive
musical play routine. Autism, 12(6), 645-671. doi:10.1177/1362361308097117
Sutera, S., Pandey, J., Esser, E. L., Rosenthal, M. A., Wilson, L. B., Barton, M., . . . Fein, D.
(2007). Predictors of optimal outcome in toddlers diagnosed with autism spectrum
disorders. Journal of Autism and Developmental Disorders, 37(1), 98-107.
doi:10.1007/s10803-006-0340-6
Wacker, D. P., Lee, J. F., Padilla Dalmau, Y. C., Kopelman, T. G., Lindgren, S. D., Kuhle, J., . . .
Waldron, D. B. (2013). Conducting functional communication training via telehealth to
reduce the problem behavior of young children with autism. Journal of Developmental and
Physical Disabilities, 25(1), 35-48. doi:10.1007/s10882-012-9314-0
Wallisch, A., Little, L., Pope, E., & Dunn, W. (2019). Parent perspectives of an occupational
therapy telehealth intervention. International Journal of Telerehabilitation, 11(1), 15-22.
doi:10.5195/ijt.2019.6274
Weber, R. C., & Thorpe, J. (1989). Comparison of task variation and constant task methods for
severely disabled in physical education. Adapted Physical Activity Quarterly, 6(4), 338353. doi:10.1123/apaq.6.4.338
Weber, R. C., & Thorpe, J. (1992). Teaching children with autism through task variation in
physical education. Exceptional Children, 59(1), 77-86. doi:10.1177/001440299205900108
Wuang, Y., Wang, C., Huang, M., & Su, C. (2010). The effectiveness of simulated
developmental horse-riding program in children with autism. Adapted Physical Activity
Quarterly, 27(2), 113-126. doi:10.1123/apaq.27.2.113
Zwaigenbaum, L., Bryson, S., Lord, C., Rogers, S., Carter, A., Carver, L., . . . Yirmiya, N.
(2009). Clinical assessment and management of toddlers with Suspected autism Spectrum
Disorder: Insights from studies of high-risk infants. PEDIATRICS, 123(5), 1383-1391.
doi:10.1542/peds.2008-1606

